ABSTRACT
INTRODUCTION
Digital epidemiology is an emerging discipline of public health and epidemiological sciences, and it has been evolving rapidly over the past few decades. [1, 2] It can be implemented based on data from online resources of the surface web including trends databases, online drug fora and blogs, and social communication media. [3, 4] Google Trends database perfectly fits this purpose as it contains an up-todate collection of raw data based on queries of users of the web from all over the world, including millions if not billions of users. [2, 5] Epidemiologist never attempted to carry out real-time or predictive analytics within the context of digital epidemiology and in connection with the discipline of dentistry or medicine. [6] [7] [8] In this study, we will explore this concept via the integrative use of Python programme language, statistical packages, and spreadsheet templates in an aim to demonstrate a prototype for real-time analytic of data retrieved from Google Trends.
The paranasal sinuses are of prime importance for the region of the head. [9, 10] Leonardo da Vinci (1452-1519) made the very first schematic illustration, via sectional anatomical sketches, of the paranasal sinuses with particular attention to the maxillary sinus which holds great importance from an evolutionary perspective. [11, 12 ] Da Vinci's anatomical drawings were the principal motivation towards the primary objective of this study in creating a successful prototype of inferential real-time analytics in connection with topics that are related to the maxillary sinus. These topics are mainly limited to the Schneiderian membrane, posterior maxillary teeth, and related oral pathologies including periapical abscess formation, periodontal pathologies, and complicated dental implants. Real-time analytics can be of considerable impact when implemented in biological and life sciences as they will tremendously reduce the required resources for research. On the other hand, Predictive analytics based on artificial neural networks and machine learning algorithms, can be the next step to be deployed in continuation of the real-time systems to prognosticate changes in the temporal trends and the digital epidemiology of phenomena of interest in medicine, dentistry, as well as other subdisciplines of biological and life sciences.
Following a maxillary molar tooth extraction, the treatment modalities routinely involve dental prostheses. However, the central fossa of the candidate implant site may require bone grafting techniques to achieve a satisfactory surgery outcome at the prospective implantation site. [13] Oberli and workmates analysed a series of one hundred thirteen periapical radiographs of maxillary premolars and molars with periapical radiolucency indicating chronic apical periodontitis. The cohort was evaluated for the occurrence of maxillary sinus perforations and postoperative complications. Perforation of the Schneiderian membrane occurred in 9.6% of the cases, while membrane exposure without rupture existed in 12%. The distance between the apex of the periapical lesion and the sinus floor did not serve as a predictor of a potential sinus membrane rupture. [14] In 2013, Dagassan-Berndt and fellow workers measured the thickness of the Schneiderian membrane via dental Cone-Beam Computed Tomography (CBCT). It was significantly higher in the dentate group compared to the edentulous group in connection with the position of the first and second molar. Further, in the dentate group, clinical signs of periodontal destruction were not associated with Schneiderian membrane thickness. [15] 2. MATERIALS AND METHODS
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REVIEW OF LITERATURE
An analysis of the existing body of literature was conducted systematically from the 1 st to the 15 th of August 2018 via medical and paramedical databases including NCBI-PubMed, the Cochrane Library, and
Elsevier. The unpublished grey literature was also consulted for data of interest. The concept of real-time and predictive analytics was never explored medical and paramedical literature (Table 1A ). Further, keywords of different themes were utilised in the process of examining the databases of published research in connection with the anatomy of the maxillary and related pathologies (Table 1B) . Themes included five different topics including "Premolars and Molars", "Maxillary Sinus", "Pathologies", "Surgical Procedures", and "Radiology". We applied different combinations of themes, via the implementation of Boolean Operators (AND, OR, NOT). [16] Bibliographic materials of interest were assessed and appraised for validity via critical appraisal tools. [17, 18] Duplicate publications were eliminated, and studies that successfully passed the critical appraisal were deemed as satisfactory reference materials. Those studies were conducted on humans as well as non-human species, and written exclusively in the English language. Priority was given to the published literature from the past 5-10 years.
EXPLORATION OF GOOGLE TRENDS
Data were extracted from Google Trends database for the past five years from the 18 th of August 2013 to the 18 th of August 2018. [19] We used five keywords to retrieve raw numerical week-by-week particulars on the temporal trends, geographic mapping, and related queries by web users. Keywords included "Schneiderian membrane", "Maxillary Sinus", "Sinus lift", "Endodontics", and "Periodontal disease". Our study is a hybrid of an internet snapshot as well as real-time analytics of the trends. Hence, the level-ofevidence for this study cannot be categorised in correspondence with the Oxford Centre for EvidenceBased Medicine (CEMB).
[20] Real-time analysis was attempted via the integration of Python high-level language (HLL) and Microsoft Excel 2016. This concept was never tried as confirmed the complete absence of publications within existing literature (Table 1B) 
A PROTOTYPE OF REAL-TIME ANALYSIS OF GOOGLE TRENDS
To achieve real-time analytics based on data already available on Google Trends (Figure 1 ), we wrote a script, a programming code, via Python high-level programming language version 3.6.6 (32-bit) using Linux Deepin 15.6 (64-bit) and Windows 10 Pro (64-bit) operating systems. [21] We applied Thonny version
interpreter, a Python Integrated Development Environment (IDE). The interpreter is a computer
program that directly executes the programming script. [22, 23] Two libraries (modules) were imported, Pytrends and OpenPyXl. Those modules are a collection of precompiled routines that a program can use. [24, 25] 3. RESULTS
DATABASES OF LITERATURE
The systematic inspection of databases of interest of the published literature yielded a total of 491813 hits distributed as 488884 (PubMed-NCBI), 1611 (the Cochrane Library), and 1318 (Elsevier). The most successful keywords to retrieve data addressing the research questions included two combinations of keywords seen in bold fonts (Table 1 ) generating 441 and 30 hits respectively.
GOOGLE TRENDS
Exploration of Google Trends database gave data on related queries from users of the surface web. Those queries were not limited to "Maxillary sinus cyst", "Maxillary sinus infection", "Maxillary sinus pain", "Maxillary sinusitis", "Maxillary sinus retention cyst", "Sinus lift surgery", "Sinus graft", "Sinus augmentation", "Dental implants", "Gum disease", "Periodontitis", "Gingivitis", "Gum disease treatment", and "Periodontal treatment" (Table 2 ). Google Trends also led to accurate data about the geographic mapping (geo-mapping) of the web users queries towards topics of interest in connection with the maxillary sinus, the posterior maxillary teeth, and related oral pathologies. Countries from the Middle East accounted for 10.64% while countries that represented statistical outliers has contributed to 6.38% of the global map ( Figure 2 ). Those outliers were related to the keyword "Sinus lift" and included Austria, Romania, and Turkey. Concerning geo-mapping, the "Schneiderian Membrane" generated no hits at all while other keywords averaged 2.81 +/-0.63 (Maxillary sinus), 1.47 +/-0.39 (Sinus lift), 27.43 +/-2.76 (Endodontics), and 68.30 +/-3.14 (Periodontal Disease) ( Table 3) . Based on Student's t-test statistics, there was a statistically significant difference between all keywords with an exception for "Maxillary sinus" versus "Sinus lift" (p-value=0.091) ( Table 4 ). The surface web users were most interested in periodontal diseases and endodontics. (Table 5) . Hence, the summative statistical inference validates that the web users are most interested in endodontics and periodontal diseases.
REAL-TIME ANALYSIS OF GOOGLE TRENDS
The programming script, via Python, enables an unmanned retrieval of data from Google Trends based on keywords of interest (up to five). The retrieval process is fully-automated and in real-time, and can be set at any regular interval (weekly, bi-weekly, monthly, etc.) that can be customised according to the specific requirements of the researchers. The data were self-regulated to be transferred to an Excel spreadsheet template (Microsoft Excel 2016, 64-bits) that had built-in formulas for inferential statistical analysis based on multiple hypothesis testing and in real-time. The complimentary statistical analysis was carried out via SPSS. Eventually, the process was successful in generating a real-time stream of inferential analytics.
4. DISCUSSION
THE CONCEPT OF REAL-TIME ANALYSIS
The concept of real-time analysis was never explored before not only within the field of dental anatomy and dental pathology but also in connection with the entire discipline of Medicine and Dentistry. [26, 27] We used keywords that are specific to the proposed research questions on the maxillary sinus, maxillary teeth and related oral abnormal conditions (Table 1B ). The total number of hits, representing published papers was 346146, most of which (342841) were indexed via PubMed-NCBI, and much less (3305) were found on the Cochrane Library, while none existed on Elsevier database. However, there was no single study attempting real-time analytic. Hence, there is a full deficit within the existing body of literature about the objectives of this study. Our study is the first of its kind according to which an automated realtime stream of data accompanied by a statistical inference was applicable based on raw data extrapolated from Google Trends.
LIMITATIONS OF THE REAL-TIME ANALYSIS
The digital epidemiological analysis can be applied via online databases of trends. Geographic mapping of the top contributing countries originated mainly from the developed world, as well as few countries from the Middle East, some Latin countries, and others from Eastern Europe. This study may have some limitations due to the sole reliance on Google Trends as a representative of the databases of trends existing on the surface web. Besides, the retrospective analytic part of the study was limited to a restricted period (2013-2017). Data collected from Google Trends might be occasionally faulty or misleading as some web users might be deploying the use of a disguised mode of web browsing or dedicated incognito web browsers including Tor Browser, and virtual private networks as well as internet protocol masking.
Subsequent studies should incorporate more than one trends database for cross-validation. Additionally, ventures into the deep web and the darknet should be attempted to recover any relevant data including those on the geographic mapping and temporal trends whenever feasible.
LITERATURE REVIEW OF RELEVANCE TO MAXILLARY SINUS AND POSTERIOR MAXILLARY TEETH
Lozano-Carrascal (2014) and Bornstein (2016) confirmed that CBCT is an invaluable tool for evaluating variations of the maxillary sinus anatomical parameters. [28, 29] 
